Introduction
Vietnam is one of the poorest countries in south-east Asia, but since the late 1980s it has enjoyed a high rate of economic growth, which is almost certainly due to its Doi Moi policies, which in effect replaced Vietnam's planned economy with a market economy. Like many formerly socialist countries, Vietnam has long had relatively high levels of education when compared to other low-income countries. Its primary school gross enrolment rate has been close to 100 per cent since the early 1990s, and perhaps since the early 1980s, and its secondary school gross enrolment rate increased from about 32 per cent in the early 1990s to 57 per cent in the late 1990s and about 85 per cent in 2006 (see Glewwe 2004, and General Statistics Office 2007) .
While education is often measured in terms of years of schooling, or highest level of schooling completed, the benefits of education are ultimately determined by the skills individuals acquire during their years in school. Thus it is important to understand what individual, family and school characteristics lead to the acquisition of academic skills. Unfortunately, thorough studies of the determinants of academic skills in developing countries are somewhat rare owing to lack of data on both academic skills and the variables that determine them. This paper examines the acquisition of mathematics and reading skills in Vietnam, using the Young Lives household survey data that were collected in 2002 and 2006 . While Vietnam has long had unusually good performance in education as measured by years of education completed, the relatively short school day in Vietnam may limit the skills acquired by students during the years they are in school. Another problem with educational outcomes in Vietnam is that ethnic minority students have much lower outcomes, in terms of both years of schooling and test scores, than ethnic Vietnamese (i.e. the Kinh ethnic group). Thus the focus of this paper is on explaining the gap in learning, as measured by scores in achievement tests, between Kinh and ethnic minority students in Vietnam.
The rest of this paper is organised as follows. Section 2 briefly describes Vietnam's system of education, and reviews the few recent studies of the determinants of school enrolment and student learning in Vietnam. The following section describes the data used in this analysis. The basic methodological framework underlying the analysis is presented in Section 4. The results for the Younger Cohort, who were 5 years old in 2006, are given in Section 5, and the results for the Older Cohort, who were 12 years old in 2006, are given in Section 6. Section 7 discusses the impact of school characteristics, and a final section draws conclusions and presents some suggestions for future research.
Literature review
Vietnam's system of education has three levels: primary, secondary, and tertiary (postsecondary). Primary education consists of Grade 1 to Grade 5, and is for children who are 6 to 10 years old. Secondary education is divided into lower secondary education, which consists of Grades 6 to 9 (for children 11 to 14 years old), and upper secondary education, which consists of Grades 10 to 12 (for children 15 to 17 years old). Various types of tertiary education, ranging from university degree programmes to a wide variety of technical training, are available for the population aged 18 years and older. Note that the Younger Cohort of children in the Young Lives sample were 5 years old in 2006, and thus almost all (1,956 out of 1,970 children) had not yet started Grade 1. In contrast, the Older Cohort children were 12 years old in 2006, so most (896 out of 990) had finished their primary education and were enrolled in lower secondary school. Relative to its low income level, Vietnam has achieved remarkable success in terms of its basic education outcomes. While its GDP per capita in 2004 was US$502, less than one half the average of East Asian and Pacific countries and a quarter of the average of middleincome countries, it has similar literacy rates to those two groups of countries (see Dang 2007, for details). The primary school completion rate for Vietnam is 92 per cent, even slightly higher than those for the above-mentioned groups of countries; gross enrolment rates in Vietnam were 90 per cent, 76 per cent and 16 per cent at the primary, secondary and tertiary levels , respectively, in 2006 (World Bank 2008 . The vast majority of Vietnam's schools are public (government-operated) schools. Indeed, none of the 34 primary schools in the Young Lives community data collected in Round 2 are private schools, and only one of the 1,000 Older Cohort children reported going to a private school in Round 1 of the survey (2002) , and only three reported going to a private school in Round 2 (2006) .
Several papers and reports have been written in the last few years that examine the educational performance of ethnic minority children in Vietnam. 1 The first such paper is that of Dang (2003), which does not examine performance on academic tests but instead estimates the determinants of years of schooling, in rural areas only, which is closely related. Using data from the 1997-8 Vietnam Living Standards Survey (VLSS), he finds that rural children with more educated parents, and children from wealthier households, tend to complete more years of schooling. He also finds that boys complete more years of schooling than girls. Finally, higher male agricultural wage rates and longer distances to the nearest town have negative impacts on years of schooling, while the proportion of teachers with formal qualifications increases years of schooling.
While Dang did not estimate separate regressions for ethnic majority (Kinh) and ethnic minority children, he did include separate ethnic minority dummy variables for the Northern Uplands, Central Highlands and Mekong Delta regions, as well as a general ethnic minority dummy variable for all other regions in Vietnam (most ethnic minority children in Vietnam live in the Northern Uplands, Central Highlands and Mekong Delta). He did not find that ethnic minority children in the Northern Uplands had fewer years of schooling; indeed, there is a tendency for them to have more years of schooling, but this effect is significant only at the 10 per cent level. In contrast, ethnic minority children in the Central Highlands and the Mekong Delta, as well as in all other areas of Vietnam, had one to two fewer years of schooling than Kinh children, after controlling for the variables mentioned in the previous paragraph. These negative impacts are especially strong in the Central Highlands and 'other areas' of Vietnam (other than the three regions just mentioned). Note also that since many ethnic minority children live in remote areas, the distance to the nearest town effect will have an additional negative impact on their years of schooling. Similarly, the qualifications of teachers in schools attended by ethnic minority children are likely to be lower, further reducing their years of schooling.
Two recent papers have made use of the Young Lives data to examine mathematics and reading (vocabulary) skills using the Round 2 data for the Older Cohort children. These children were 12 years old, and most were enrolled in lower secondary school, at the time they were tested in Round 2. Himaz (2009) regressed the mathematics and vocabulary (PPVT) 2 test scores on variables for gender (male dummy variable), child age, mother's and father's education, height-for-age z-score, a wealth index, an urban dummy variable, household size and a dummy variable indicating that the mother belongs to an ethnic minority. She found no gender effects on either test score, but mothers' and fathers' education had strong positive effects for both tests, as did the height-for-age z-score. The wealth index had a weak positive impact on the mathematics score but not on the PPVT score. Finally, household size and having an ethnic minority mother had significantly strong negative effects on both test scores.
(Himaz also presented estimates that add the Raven's test, which was administered in Round 1, as an explanatory variable, but only about 17 per cent of the children had data for that variable, so the results are based on a much smaller sample.) In general, virtually all of Himaz's results are plausible and consistent with many other studies of the determinants of test scores in developing countries (see Glewwe and Kremer 2006 for a recent review). As such, they confirm the importance of parental education and child nutritional status (as measured by height-for-age), as well as negative outcomes for ethnic minority children even after controlling for parental education and child nutritional status.
A more qualitative study of education among ethnic minorities in Vietnam, based in part on the Young Lives data, is the study by Truong (2009 Bank (2011) . Both studies focus on children in the last year of primary school (Grade 5). The general findings are as one would expect; for example, children with better-educated parents and from wealthier households have higher scores on the reading and mathematics assessment tests. The studies also find that ethnic minority children tend to have lower scores, but neither study provides a detailed analysis of the reasons for this.
Overall, only Himaz has used the Young Lives data to examine the determinants of test scores in Vietnam, and since her paper analysed the data for all four Young Lives countries (the others being Ethiopia, India and Peru) she did not go into much detail for Vietnam. In addition, the focus of her paper was not on ethnic minority children. The World Bank reports used other data to assess the factors associated with Grade 5 students' competencies in reading and mathematics, but those reports also do not focus on ethnic minority students. Thus this paper is the first to examine the determinants of test scores in detail using the Round 2 Young Lives data from Vietnam, and the first to use those data to focus on the differences between ethnic majority (Kinh) and ethnic minority children.
Data
The analysis in this paper uses the first two rounds of the Young Lives data from Vietnam, which were collected in 2002 (Round 1) and 2006 (Round 2). The Round 1 sample consists of 2,000 children who were between the ages of 6 and 17 months in 2002, and 1,000 children who were between 7.5 and 8. Table A .1 in the Appendix). The next sub-section explains in more detail how the sample was chosen, 5 and the following sub-section describes the data, focusing on the test score variables.
Sample
Vietnam can be divided into eight socio-economic regions: North-West, North-East, Red River Delta, North Central Coast, South Central Coast, South-East, Central Highlands, and Mekong River Delta. Each region includes urban and rural areas, but to ensure that the Young Lives sample included a major urban centre a new 'region' was created that consisted of all major urban provinces (namely, Hanoi, Ho Chi Minh City, Da Nang, Hai Phong and Ba Ria-Vung Tau). Of these nine 'regions', five (North-East, Red River Delta, Cities, South Central Coast, and Mekong River Delta) were chosen as 'representative' of Vietnam in the sense that they (1) include regions in the northern, central, and southern areas of Vietnam; (2) include urban, rural and mountainous areas; (3) are relatively poor; and (4) reflect some unique factors of the country, such as areas prone to natural disasters and areas heavily affected by past wars.
From each of these five regions, a 'typical' province was chosen after consultation with both government and international experts. The following five provinces were selected: Lao Cai (North-East region), Hung Yen (Red River Delta), Da Nang (Cities), Phu Yen (South Central Coast), and Ben Tre (Mekong River Delta). These provinces are shown in Figure 1 . Within each province, at least four communes (also called 'sentinel sites') were chosen, giving greater weight to poor communes. More specifically, all communes in the province were ranked by poverty level: poor, average, better-off and rich. Two communes were selected from the poor group, one from the average group, and one from the above-average group (combining better-off and rich). The selection of communes from each group was not random; the criteria considered include (1) whether the commune represents common provincial/regional features; (2) whether there was commitment from the local government for the research; (3) feasibility in terms of research logistics; and (4) population size. If a selected commune had a population of less than 6,000 persons, a 'similar' commune in the same poverty level group was selected to assure that 100 Younger Cohort children could be found in that 'sentinel site'. Following this procedure seven communes were selected in Lao Cai (North-East region), six in Hung Yen (Red River Delta), four in Da Nang (Cities), six in Phu Yen (South Central Coast), and eight in Ben Tre (Mekong River Delta), for a total sample of 31 communes. 6 Table A These two-year ranges were used because it was not clear exactly when data collection would begin. Simple random sampling was then applied to select 100 children who were aged from 6.0 to 17.9 months old and 50 children who were aged from 7.5 to 8.5 years old at the time of the fieldwork (which took place from July to November 2002). The refusal rate was very low -only slightly more than 1 per cent (36 out of 3,000 households) -and replacement sampling was used in the case of refusals.
For the Younger Cohort of 2,000 children in Round 1, 30 did not participate in Round 2, leaving a sample of 1,970. The main reasons for dropping out were that the child died (11 cases) or that the household could not be found (13), with the remaining cases being refusal or moving away from Vietnam. At least 82 households, and perhaps as many as 95, (of the 1,970 households that were re-interviewed) moved within Vietnam from 2002 to 2006, and all were found and interviewed. (There are 82 households that clearly moved, and another 13 for which missing data make it unclear whether they moved.)
Turning to the Older Cohort, of the 1,000 children who participated in Round 1, only ten did not participate in Round 2, yielding a sample of 990 for that round. The main reasons for nonparticipation are that the child died (2 cases), the household refused to participate (2 cases), or the household could not be found (3 cases). Finally, of the 990 Older Cohort households re-interviewed in 2006, 14 moved within Vietnam and were found and interviewed, and one additional household was interviewed but missing data make it impossible to determine whether that household moved.
Tests
The cognitive skills tests that were administered varied by cohort and by the round of the survey. In Round 1, the Younger Cohort was too young to take any tests, but in Round 2 they were given two tests: the CDA test of basic quantitative skills and the Peabody Picture Vocabulary Test (PPVT-III). The former test is the quantitative sub-test of the Cognitive Development Assessment (CDA-Q) test, which was developed by the International Evaluation Association (IEA). 7 It consists of 15 items, and for each item the child is shown a picture and asked a question, and he or she is asked to choose the best answer from three or four choices. An example is the following: 'Look at the bowls of eggs. Point to the bowl that has the most eggs.' Each correct answer scores 1 point and an incorrect or blank answer scores 0. The total or 'raw' score for CDA-Q is calculated as the number of correct answers. As explained below, one of these 15 questions (question 6) was found to have poor statistical properties in the sense that it was not sufficiently correlated with the average score on the test, and so it was dropped for purposes of calculating the raw score. Thus the maximum raw score is 14 correct answers.
The main purpose of the PPVT is to test vocabulary acquisition of children aged 2.5 years and older. It consists of 17 sets with 12 words each, and the 17 sets are ranked in order of difficulty. An initial set, called the basal set, is given based on the child's age, and that set is selected to be very easy for the child. Each 'question' in a set consists of a picture, and the child is asked to say the name of the object or activity in the picture. If the child correctly answers 11 or 12 items in the basal set, the next more difficult set is administered, and the child is given increasingly difficult sets until he or she reaches a set that is too difficult (defined as being unable to correctly answer at least 5 of the 12 items in the set), which is called the ceiling set. The raw PPVT score is the number of correct items answered out of all sets taken by the child, plus the number of items in all sets that were considered 'too easy' for the child, that is, all sets that were easier than the basal set; the implicit assumption is that the child would have correctly answered all items in these easier sets. As in the CDA-Q test, some items were found to have poor statistical properties in the Vietnam context and thus were excluded from the calculation of the total scores. Henceforth, these total scores are referred to as the 'raw' PPVT scores. with PPVT scores. Of these 22, the documentation indicates that 18 suffered from physical or mental disabilities that precluded them from taking the test, two were prevented from taking the test due to insufficient lighting and one could not take the test due to a vision or hearing problem, but a question in the data on the reasons is not completely consistent with the report (e.g. for seven cases the reason given is missing or 'other').
Finally, the data from both the CDA-Q test and the PPVT test were validated using Item Response Theory (IRT), which checks for ineffective questions. Ineffective questions are those that are not sufficiently correlated with students' overall scores on the test. More specifically, the Rasch model (see Bond and Fox 2007) was used to implement IRT analysis. In addition to checking for ineffective questions, the Rasch analysis rescales the scores to have a mean of 300 and a standard deviation of 50. These transformations are close to linear, so for a given set of students who took both tests it makes little difference whether one uses the raw score or the Rasch score.
In the analysis done in this paper, the raw scores are used instead of the Rasch scores, for two reasons. First, Rasch transformations are done only for groups of 100 or more students who took the same test, and since the tests were given in different languages in almost all cases there are no Rasch scores for students who took the test in a language other than Vietnamese. More specifically, of the 1,747 students who took the PPVT, 87 students took the H'mong language version of the test and 51 took it in other ethnic languages. Since these numbers are both less than 100, there are no Rasch scores for these 138 students; only ethnic minority students who took the test in the Vietnamese language have Rasch PPVT scores. For the CDA-Q test, 105 students took the test using the H'mong language, so there are Rasch scores for that test for almost all H'mong children, but not for the 75 children who took the test in another ethnic minority language. (There are scores available for some ethnic minority children because they took the Vietnamese language version of the test.) Thus an analysis that focuses on the performance of ethnic minority groups will have little use for the Rasch scores because they are missing for most ethnic minority children in the sample.
The second reason for not using the Rasch scores is that when Rasch scores are generated for two different languages (which was the case for the CDA-Q test, the H'mong version of which was taken by more than 100 children), the scores were normalised separately to have a mean of 300 and a standard deviation of 50. Thus, by definition the Rasch scores for the children who took the test in the H'mong language will have a mean of 300, and the same is true for the children who took the test in Vietnamese, so the difference in the means of the Rasch scores for these two groups of children will be zero. Thus this normalisation removes the 'gap' in the scores between these two groups of children, so that there is nothing to investigate. Yet in the raw scores, the children who took the CDA-Q test in the H'mong language scored much lower, about 2.5 points lower out of 14 questions.
Next, consider the tests taken by the Older Cohort children, who were 8 years old in Round 1 (2002) and 12 years old in Round 2 (2006) . Very simple reading and writing tests were administered in both Round 1 and Round 2 to the Older Cohort, and to ensure comparability, these tests were identical in both rounds. The reading test consisted of three parts: reading three letters (e.g. H, A and T); reading a single word that used those letters (e.g. HAT); and reading a simple sentence (e.g. 'The sun is hot'). Scoring was done as follows: 3 points if the child could read the sentence; 2 points if the child could read the word but not the sentence; 1 point if the child could read the letters but not the word or the sentence; and 0 points if the child could not read anything or for no response. In both rounds, the reading test results are missing for six children (these are not the same children in both rounds). Because the reading test was very easy, 87 per cent of the children received the highest score in Round 1 and 96 per cent got the highest score in Round 2, which leaves little variation to be explained.
The writing test for the Older Cohort was also quite simple. The test administrator began by saying out loud a simple sentence (e.g. 'I like dogs') to the child. The child received a score of 2 points if he or she could write the sentence without difficulty, 1 point if he or she could write but did so with difficulty or errors, and 0 points if he or she did not write anything or for no response. The writing level results are missing for seven children in both rounds (not the same children in both rounds). Again, this test was not difficult for most of the Older Cohort children in Round 1, as most (74 per cent) had a score of 2. Indeed, by Round 2 almost all (93 per cent) had the highest score.
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Mathematics tests were also given to the Older Cohort in both Rounds 1 and 2. The Round 1 mathematics (numeracy) test was very simple, consisting of one basic multiplication (2 times 4) problem. Of the 1,000 children in that round, 663 gave the correct answer, 107 gave an 9 Even though more than 90 per cent of the children in the Older Cohort sample had perfect scores on the reading and writing tests in Round 2, simple regressions do have some explanatory power. In particular, years in school and hours per day spent in school have positive effects, and the ethnic minority variable has a negative effect with a t-statistic of about 2.0. Since the mathematics test (discussed below) and the PPVT have much more variation, this paper focuses on those tests. Note that the Round 1 tests for the Older Cohort also have explanatory power for the Round 2 mathematics and PPVT tests when entered as explanatory variables, but since ethnic minorities did worse on the Round 1 tests, adding them as regressors would, in effect, hide some of the gap between Kinh and ethnic minority students in scores on the Round 2 mathematics and PPVT tests.
incorrect answer, and 230 did not respond. According to Tran et al. (2003: 43) For comparability, the Round 1 numeracy question was also included. The ten mathematics questions were selected from the easier IEA questions, focusing on number sense and basic mathematical skills. Question 7 was excluded from the analysis owing to potential bias by gender, so the maximum raw score is 9 for the mathematics test. Of the 990 Older Cohort children who participated in the Round 2 test, nine do not have a raw mathematics score; for two children the test conditions were not appropriate, for the other seven the reason is not specified. Of the 981 children with a raw mathematics score, 921 (all but 60) also have a Rasch mathematics score, which by definition has a mean of 300 and a standard deviation of 50. The 60 Older Cohort children who have a raw mathematics score but not a Rasch score were those who took the test in an ethnic minority language because their mother tongue was not Vietnamese. As with the Younger Cohort, the raw score is used in order to retain as many ethnic minority children as possible.
Finally, the Older Cohort in Round 2 also took the same PPVT test that the Younger Cohort took in Round 2. According to the Young Lives documentation, one child did not take the test because of a serious mental or physical disability. For 11 children the PPVT test was stopped too early, and for 31 children the basal set was not correctly set during test administration. Finally, the test conditions were inadequate (insufficient light) for two children. 
Methodological issues
Formal education increases individuals' well-being primarily through their acquisition of skills, both cognitive (e.g. literacy and numeracy) and non-cognitive (e.g. social and organisational skills). 10 Economists call the process by which formal education produces those skills the education production function. At first, depicting education as production may seem strange, but upon further reflection this approach is useful because it provides a comprehensive framework for thinking about how formal education generates cognitive and non-cognitive skills. Most importantly, this framework provides crucial guidance on how to use education data to estimate the causal determinants of the skills that students acquire.
The process by which both cognitive and non-cognitive skills are learned depends on many different factors. Production functions simply depict this process as a mathematical relationship. These relationships can be very flexible, allowing for almost any learning process. Thus one can argue that an education production function always exists, but at the same time one must realise that its existence does not guarantee that one can estimate it.
Factors that determine learning, henceforth referred to as variables or 'inputs' in the production process, can be divided into school, child and household variables. A simple yet flexible learning production function is:
where A is skills learned ('achievement'), S is years of schooling, Q is the set of all school and teacher characteristics ('quality') that affect learning, C is all child characteristics (including 'ability') and H is all household characteristics that affect learning, and I is educational 'inputs' that households contribute, such as children's daily attendance and purchases of textbooks and other school supplies. While years of schooling (S) and educational inputs (I) can be grouped with child or household variables, equation (1) separates them from C and H because they are (in part) under parents' control.
Equation (1) shows how each variable affects learning holding other variables constant. This qualification is important. Consider an improvement in one school quality variable, call it Q j , such as reducing class size. Equation (1) shows how changing Q j affects learning for given values of the other variables. But changing Q j (or any school quality variable) could change household behaviour, that is, it could change S or one of the I variables. For example, parents may keep children in school longer (increase S) or reduce educational inputs (reduce I variables) in response to improved school quality. Thus the 'full' impact of changing Q j on skills (A) is not captured by that variable's impact as depicted in equation (1).
To obtain the 'full' impact of changing school quality, one must know how changes in both the Q variables and in other variables affect S and I in equation (1). These relationships can be expressed as:
where P depicts the prices relevant for these household decisions, such as tuition, prices for school supplies, and even child wages (the 'price' of children's time spent in school).
Inserting (2) and (3) into (1) gives another expression for (A):
which economists call a 'reduced form' relationship. It shows the full causal impact of school quality variables (and other variables) on learning. Equation (4) is not a production function because it depends on households' preferences (which guide households' decisions) and because it includes prices. While the production function in (1) shows the 'direct' impacts of all variables that influence learning, when analysing policy impacts one must estimate the 'full' impact, which includes indirect impacts that work by changing variables that households control. Equation (4) shows this 'full' relationship.
This paper attempts to estimate production functions for children in Vietnam, using the Young Lives data from that country. Thus, it presents estimates of equation (1), not of equation (4). Unfortunately, production functions (and other education relationships) are often very difficult to estimate. To see why, consider estimating the production function in equation (1). It can be estimated using linear regression methods, assuming linearity is not restrictive if one adds squared and interaction terms to the variables in (1) . To see the estimation problems, consider a simple linear specification of equation (1):
where each variable in Q, C, H and I is shown explicitly. An 'error term', u A , is added, for several reasons. First, data never exist for all variables in Q, C, H, and I, so u A accounts for all variables in (1) Omitted variable bias. The explanatory variables in equation (1′) could be correlated with u A because of omitted variable bias: the Young Lives data from Vietnam are extremely detailed, but no dataset contains all the variables in each set of variables (Q, C, H, and I), and many unobserved variables (which by definition end up in u A ) may well be correlated with some observed variables. Difficult to observe variables include: teachers' motivation (a Q variable), headteachers' management skills (Q), children's ability (C) and motivation (C), and parents' willingness (H) and capacity (H) to help, and the time they spend helping their children with schoolwork (I). OLS estimates of the β's in equation (1′) may be biased because these variables, if unobserved, are probably correlated with some observed variables in (1′). For example, 'high-quality' schools are usually better in many dimensions, both observed and unobserved. This produces positive correlation between u A and observed school and teacher quality variables, leading to overestimation of the impacts of those variables. Similarly, parental tastes for children's education are rarely observed and probably positively correlated with parental education, causing overestimation of the latter's impact. Omitted variable bias can also lead to underestimation. For example, high school quality may lead parents to reduce time spent helping their children, generating negative correlation between school quality and u A (assuming some parental efforts are unobserved, which is likely, and thus are in u A ). 12 Omitted variable bias affects estimates of the β terms not only for observed variables that are correlated with u A but also for those that are uncorrelated with u A .
Endogenous programme placement bias. School quality could also be correlated with u A if governments improve schools with unobserved education problems (Pitt et al. 1993) . Governments may also raise school quality in areas with good education outcomes, if those areas have political influence (World Bank 2001) . The former causes underestimation of school quality variables' impacts on learning, while the latter causes overestimation.
Measurement error bias.
Anyone who has seen household or school survey data collection in developing countries understands that even the best data contain many errors. Data on school characteristics (including tuition fees) may be inaccurate or out of date. Child, household and school input variables are also prone to errors. Because measurement error is the difference between the true and observed values of a variable, it causes u A to be correlated with the observed variable. Random measurement error typically causes underestimation of true impacts, while non-random errors could cause underestimation or overestimation.
This paper will attempt to overcome each of these three problems. Regarding the first, omitted variable bias, the most obvious approach is to collect data on nearly all of the explanatory variables in equation (1′). Given the richness of the Young Lives Vietnam data, many, and perhaps even most, of the variables in that equation can be found in the data. In addition, for some regressions the impacts of all school quality variables can be controlled for by using a set of dummy variables for each commune. 13 This works best if there is only one school per commune, and all children enrol in the school located in their commune. Unfortunately, while children primarily enrol only in schools in their commune, there are quite a few communes that have more than one school. This is seen in 14 Turning to the second problem, endogenous programme placement bias, this seems unlikely to be a problem in the Vietnamese context. District governments are responsible for financing primary and pre-school education in Vietnam, and historically there has been little attempt by the central Government to provide additional resources to poorer districts (see World Bank 1997) . The amount of money transferred by provincial or district governments to schools is a set amount per pupil, or more recently a set amount per child of school age, without reference to academic performance (World Bank 2003; Nordic Consulting Group 2008) . In recent years the Government has instituted some programmes that are intended to provide more resources to poorer districts and communes, but the amount of funds allocated by these initiatives is very small (less than 1 per cent of total school expenditure) and the share of primary school expenditure received from these sources appears to be uncorrelated with district-level poverty rates (Nordic Consulting Group 2008), which suggests little reason to worry about bias from endogenous programme placement. Finally, regression estimates that use school fixed effects will avoid bias due to any omitted school variables, as explained in the previous paragraph.
Finally, the third estimation problem, measurement error bias, can be addressed using instrumental variable methods as long as the instruments do not suffer from the same types of measurement errors (i.e. as long as they are not correlated with the measurement errors). The variable most likely to suffer from measurement error is household expenditure per capita, and it will be instrumented using an index of household wealth. Another variable that could suffer from measurement error is the height-for-age z-score, which is an indicator of early childhood malnutrition. The measurement error arises from the fact that there is variation in height, and weight, even among healthy children, which implies that this z-score is a noisy measure of early childhood nutritional status.
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One of the main aims of this paper is to examine the underlying causes of differences in test scores between ethnic Vietnamese and ethnic minority groups in Vietnam. A useful method for exploring these differences is to use the decomposition proposed by Blinder (1973) and Oaxaca (1973) . To see how this method works, consider estimates of equation (1′) that are done separately for the Kinh and ethnic minority populations:
where all the coefficients in equation (1′) other than the constant term have been incorporated into the β vectors, all of the variables have been incorporated into the x vectors, and the k and m subscripts indicate Kinh and ethnic minority, respectively. Note that the coefficients, i.e. the impacts of the variables on test scores, are now allowed to be different for the Kinh and the ethnic minority groups. This allows for the possibility that impacts of these variables could be different for these two groups.
Since the average values of the error terms (u Ak and u Am ) in equations (5) and (6) equal zero, the following relationships hold, where 'bars' indicate mean values of variables for the respective ethnic group:
Thus, the difference in the mean test scores between Kinh children and ethnic minority children can be expressed as:
Blinder and Oaxaca both showed how the difference in the terms in the second set of parentheses can be decomposed into two parts, one reflecting the difference in the mean values of the x variables across the two ethnic groups (which is multiplied by β k ) and the other reflecting the difference in the coefficients across the two ethnic groups (which is multiplied by x m ):
In estimates not reported in this paper (but available upon request), we used each child's weight-for-age z-score as an instrument for his or her height-for-age z-score. This had little effect on the results, and in any case it is probably not a valid instrument because the same 'noise' in height-for-age also affects weight-for-age (among healthy children some are naturally taller, and they will usually also be heavier). Another possibility, which was not done in this paper, would be to use household toilet and water-source variables as instruments for height-for-age z-score.
In fact, this decomposition can be done in another, analogous, way, which multiplies the difference in the means across the two groups by β m and multiplies the differences in the β's of the two groups by x k :
In most cases, these two methods of decomposing should give similar results. Both will be shown in the empirical work below.
To see how to interpret these decompositions, consider equation (8). The first term, β 0k -β 0m , shows the differences in the test scores that are not accounted for by differences in the means of the x variables nor by the differences in the impacts of those variables (differences in the coefficients), for some reference value for x (averaged over all groups). Many studies implicitly set x to equal zero, but this is somewhat arbitrary and could give misleading results if some or all of the x variables never attain a value of zero. 17 In this study the reference value for each of the x variables will be the lowest value for each variable. Thus, in this study β 0k -β 0m shows the difference in the test scores of an individual for whom all the x variables take their lowest value. This should be kept in mind when interpreting the contribution of β 0k -β 0m to Ā k -Ā m .
Next, consider the second term in equation (8),
. Technically speaking, this is the sum, over all the x variables, of the contributions of the differences in the mean values of the x variables between Kinh and ethnic minority children to explaining the differences in the mean test scores across the two groups of children. For example, as will be seen below, on average Kinh children have better-educated parents than do ethnic minority children, and educated parents have a direct, positive impact on test scores. While this term is the sum of all of these effects over all the different x variables, the contribution of each variable can be obtained from the regression estimates, and indeed the contributions of each of the variables are shown below.
Finally, turn to the last term in equation (8), (β k -β m )′ x m . This is the sum, over all the x variables, of the contributions to the difference in mean test scores between Kinh and ethnic minority children caused by differences (across the two cohorts of children) in the impacts of the x variables on test scores. Following the example of the previous paragraph, it may be that the impact of parental years of education on test scores is higher for the Kinh than for ethnic minorities, for example because school quality is higher among the Kinh population. Again, this term in equation (8) sums up these effects for all the x variables, but the regression estimates can be used to identify these impacts for each variable, and those impacts are shown for all variables in the empirical results presented in the next two sections.
Even in a dataset as rich as the Young Lives dataset, it is not possible to have data on all of the elements of the Q, C, H, and I variables. Perhaps the greatest weakness of the Young Lives data is the lack of data on school quality (the Q variables). Only a relatively small 17 For example, consider the case of only one explanatory variable for a test score, namely years in school. Suppose that years of school has a stronger effect on Kinh children than on ethnic minority children, perhaps because the former attend higherquality schools. If all children have had four or more years of schooling, fitting separate regression lines for both Kinh and ethnic minority children will lead to a line with a higher slope for Kinh children, which if extended back to the point where years of schooling equals 0 could lead to an intercept for Kinh children that is lower than that for ethnic minority children, i.e. β 0k < β 0m , which could be mistakenly interpreted as 'discrimination' against Kinh children even if the regression line for the Kinh lies above that of the ethnic minority children for all values of years of schooling in the population. The point here is that interpretation of β 0k -β 0m must be done very cautiously.
number of questions about schools were asked in the community questionnaire (which is called the 'context instrument').
However, under certain assumptions it is possible to control for differences in school quality by using community fixed effects estimation methods. If there is only one school in each of the 31 communes from which the data were collected, then the impacts of school characteristics on test scores in any particular commune can be captured by a communitylevel dummy variable (which will also capture any effects of non-school community variables on test scores, but in general one would expect such effects to be small compared to the school effects captured by the community dummy variables). Thus, in the first set of regressions presented below, no school variables are included; instead community fixed effects are used to control for differences in school quality. 18 Note that, in most of the communities (22 or 23 out of 31, depending on the cohort), all the children are either Kinh children or ethnic minority children. In the few (6 or 9 out of 31) that are 'mixed', the effects of the school variables could vary by ethnic group, so in those communities alone the regressions include a variable that is an interaction between the community dummy variable and the ethnic minority dummy variable to capture this (potential) differential.
A final issue with the use of community fixed effects (community dummy variables) is that there is no longer a constant term for either ethnic group. In effect, the constant term for the Kinh is the (weighted) average of the community dummy variables in which the Kinh population resides, and the same is true for the ethnic minority population (in which case the interaction term between the ethnic minority dummy variable and the community dummy in the 'mixed' communes must be added to the community dummy). The averages of these dummy variables are shown in the results below. Note that they represent differences in school quality as well as the (β 0k -β 0m ) term; estimation using commune fixed effects cannot distinguish between (β 0k -β 0m ) and differences in school quality.
Analysis for the Younger Cohort
This section examines the test scores of the 1,970 children in the Younger Cohort, who were about 5 years old when they were tested in 2006. The analysis begins by comparing the test scores of ethnic majority (Kinh and Chinese) and ethnic minority students, first for the entire sample and then for the sub-sample of communes that have both Kinh and ethnic minority children. It then presents estimates of cognitive skills production functions that attempt to explain the determinants of test scores, and uses these results to examine why test scores are lower for ethnic minority children. Beginning with the first row in that table, the average child in the full sample correctly answered 9.8 of the 14 questions in the CDA-Q test of quantitative skills. The gap between Kinh and ethnic minority children is quite large: the former had a mean score of 10.2 while the latter had a mean score of 7.4, a difference of 2.8 points which is equivalent to 1.1 standard deviations of the distribution of test scores. Turning to the PPVT scores, the overall mean of 37.0 masks a large gap by ethnic group: the mean score for the Kinh was 39.4 while the mean score for ethnic minorities was 23.5. This gap of 15.9 points is equivalent to 0.9 standard deviations of the distribution of test scores.
It is also informative to distinguish between ethnic minority children whose 'mother tongue' is Vietnamese and those whose mother tongue is another language. About one-third of ethnic minority children report that they are in the former group, and their test scores are much higher than the two-thirds whose mother tongue is not Vietnamese. More specifically, their mean score on the CDA-Q (mathematics) test, 8.3, is about 0.5 standard deviations higher than the mean score on the same test for ethnic minority children whose mother tongue is not Vietnamese (6.9). The difference on the PPVT test is even higher; ethnic minority children whose mother tongue is Vietnamese have a score of 30.1, which is about 0.6 standard deviations higher than the mean score on that test for ethnic minority children whose mother tongue is not Vietnamese (20.1). Note that the ethnic groups least likely to speak Vietnamese as their mother tongue are the H'mong (only 3 per cent) and the Dao (24 per cent), while those most likely to speak Vietnamese are the Cham (97 per cent) and the Ba Na (64 per cent).
As explained above, part of the difference between the test scores of Kinh children and ethnic minority children may be due to the fact that they live in different communities and so they attend different schools. To 'control for' differences in communities and schools, the bottom half of Table 1 presents the same information given in the top half, but is limited to the six communes that have both Kinh and ethnic minority children in the sample. This comparison does result in somewhat smaller gaps. Examining the raw scores, the difference in the CDA-Q is 2.2, which is 22 per cent smaller than the gap of 2.8 when comparing all communes. Similarly, the difference in the raw PPVT score is 12.2, which is 23 per cent smaller than the gap of 15.9 when all communes are compared. Nevertheless, there are still large gaps even when comparing Kinh and ethnic minority children in the same commune. Note also that the gap in test scores between ethnic minorities who speak Vietnamese as their mother tongue and those whose mother tongue is another language is much smaller than for the ethnic minority sample as a whole; indeed for the CDA-Q test there is almost no difference.
To understand better the nature of the gaps, the rest of this section presents regressions that attempt to explain the differences in the test scores of Kinh and ethnic minority children in Vietnam. The results for the Younger Cohort on the CDA-Q test are shown in Table 2 , and those for the PPVT test are shown in Table 3 .
Recall that the Blinder-Oaxaca decomposition divides the overall difference in mean test scores between Kinh and ethnic minority children into three parts: (1) the differences attributable to different mean values of explanatory variables (difference in the means of the x variables); (2) the differences due to different impacts of those explanatory variables on test scores (difference in the β's); and (3) differences in the constant terms (the β 0 's). In fact, the Younger Cohort sample includes only 283 ethnic minority children, so the precision of the estimated β's for ethnic minorities is often low, making these estimates not significantly different from the estimated β's for the Kinh children. When this is the case, which happens more often than not, allowing separate estimates for Kinh and ethnic minority children can produce large apparent 'explanations' of the differences in the mean scores across those two groups that are, in fact, not statistically significant. Thus, whenever this difference in β k and β m was not statistically significant for a given explanatory variable, the two associated β's were constrained to be equal, which avoids spurious 'explanations' and should also increase the precision of estimates of the impact of differences in the mean values of the x variables on differences in mean test scores across Kinh and ethnic minority children. Significance at the 10%, 5% and 1% levels is denoted by *, ** and ***, respectively.
The first column of Table 2 shows the estimates of β k in equation (5), and the second column shows the estimates of β m in equation (6). 19 The third column shows the difference in the two estimates, and asterisks indicate whether the difference is statistically significant. 20 Note that the test score variable has been standardised to have a standard deviation of 1, which makes the coefficients easier to interpret. Somewhat surprisingly, household wealth (as measured by log of per capita expenditure) has no significant effect on Kinh children's mathematics test scores, although it has a large and statistically significant effect among ethnic minority children. This difference partially reflects the fact that ethnic minority children are poorer, and income effects may be stronger for poorer households, but a quadratic specification (not reported here) still shows much higher impacts of household wealth for ethnic minority households.
The next two rows in Table 2 show that parental education has a strong impact on the test scores of both Kinh and ethnic minority children (the differences by ethnic group in the parameters for these two variables were not statistically significant, and so they are constrained to be equal for both groups). Positive impacts of parental education on child learning are often found in other studies, and are quite intuitive. The only other variable in the regression that had a statistically significant impact on the CDA-Q (mathematics) test was child age, which was statistically significant for Kinh children but not for ethnic minority children. Presumably, this reflects the fact that older children are, ceteris paribus, more mature and thus have acquired more skills; recall that almost none of these children have started primary school so there is no variation in the sense that older children have been at school longer. It is not clear why this 'maturity' effect does not show up very strongly among ethnic minority children.
None of the remaining variables -child sex, height-for-age z-scores, educational expenditure on the child, months spent in a community crèche from birth to 36 months of age, and months spent in a pre-school since 36 months of age -is statistically significant. Moreover, for all of these variables the difference between the coefficients for Kinh and for ethnic minority students is not statistically significant. The lack of statistical significance is rather surprising for the height-for-age z-score variable, though it does have some explanatory power in the regressions for the Older Cohort, as will be seen in the next section.
The last two lines of columns 1 and 2 in Table 2 show the average constant term (average community fixed effect) for Kinh and ethnic minority children, separately for communes that are segregated (all Kinh or all ethnic minority) and for communes that are mixed (integrated). There are two main lessons to draw from these figures. First, the constant terms for both Kinh and ethnic minority children are fairly similar, whether they live in segregated or mixed communes; in particular, there is no large advantage for ethnic minority children in living in a mixed commune and no disadvantage for Kinh children from living in such a commune. Second, there is a gap of about 1.3 or 1.4 standard deviations of a test score between ethnic minority children and Kinh children, even after controlling for all other variables. This is rather surprising given that the unadjusted difference in Table 1 was smaller, namely about 1.1 standard deviations. However, as discussed above, these differences in the (average) β 0 terms are difficult to interpret and may simply reflect 'adjustments' in the constant term to accommodate differences in the 'slope' parameters that are statistically significant across the two groups.
The Blinder-Oaxaca decomposition can be used to see how much of the observed gap between Kinh and ethnic minority children in their mean CDA-Q test scores is explained by differences in the means of the explanatory variables between the Kinh and ethnic minority populations, and how much is explained by differences in the impacts of those variables. The means are shown in columns 4 and 5 of Table 2 . Note that any rows in which the variable does not have any significant explanatory power for either group will have little role to play.
The role played by per capita expenditure is the strongest. Since Kinh children live in households with higher incomes, they can gain (using the coefficient for ethnic minorities) about 0.9 standard deviations of a test score, although this effect is not seen when the very small Kinh coefficient is used (only 0.1 standard deviations). More consistent across the two decompositions is that the difference on those two coefficients is highly favorable to ethnic minority children; those children benefit much more than Kinh children from an increase in household income, adding between 1.2 and 2.0 standard deviations to their test scores. Overall (combining the two separate parts of the decomposition), rather than explaining why ethnic minorities score lower on the CDA-Q test than do Kinh children, household income in effect makes the gap wider, by about 1.1 standard deviations, because ethnic minorities' incomes have a strong positive impact on test scores that is not found among Kinh children.
Turning to other variables in Table 2 that play some role, higher fathers' and mothers' education among Kinh children together explain about 0.3 standard deviations of the gap in mean test scores between Kinh and ethnic minority children. That is, parental education raises test scores, and Kinh children's parents are much more educated than the parents of ethnic minority children; their fathers have, on average, five more years of education and their mothers have almost six more years of education. The only other variable in Table 2 that explains a sizeable part of the gap between ethnic minority and Kinh children's scores on the CDA-Q test is child age; Kinh children 'mature' in some way that ethnic minority children do not, which boosts their scores by about 0.5 standard deviations. But exactly what is happening here is far from clear; it is unlikely to be a 'biological' maturation so presumably it may reflect something about Kinh culture. On the other hand one cannot rule out that this difference could be spurious; there are nine explanatory variables in Table 2 , and even if all the differences in the parameters between Kinh and ethnic minority children were zero, there is a 1 out of 20 chance that any given difference will be significant at the 5 per cent level, and this may be such a case.
Finally, the last two columns in Table 2 are estimates that exclude the per capita expenditure variable, which arguably does not belong in a production function; money does not directly affect children's learning, it has an indirect effect only via purchases of educational materials or services (and such expenditures are already included in the regressions in Table 2) 21
. The results are not very different from those based on regressions that include per capita expenditure as an explanatory variable. Most importantly, they also explain very little of the large gap in the CDA-Q test between Kinh and ethnic minority kids in the Younger Cohort.
Overall, while the regression coefficients usually have the expected sign, it is not clear that the Blinder-Oaxaca decomposition is providing clear insights into the causes of the differences in the CDA-Q test scores among the Younger Cohort. Perhaps the main lesson is that it matters little whether Kinh or ethnic minority children live in communities in which they are the only ethnic group or whether they live in mixed communities. Notes: Per capita expenditure is instrumented, using a household wealth index. Significance is based on robust standard errors, clustered at the commune level. Sample size is 1,668.
Significance at the 10%, 5% and 1% levels is denoted by *, ** and ***, respectively.
Next, consider the gap in test scores between Kinh and ethnic minority children in the PPVT test. The estimates in Table 3 are analogous to those in Table 2 for the CDA-Q test. The first result of note is that household expenditure per capita has a strong and statistically significant impact on the PPVT test for Kinh children, in contrast with the small and insignificant impact of that variable on the CDA-Q test for Kinh children. Moreover, the impact is even stronger for ethnic minority children, and the difference in these coefficients is quite large (and statistically significant).
Turning to parental education, both mothers' and fathers' education have positive and statistically significant impacts on both Kinh and ethnic minority children's PPVT scores, as they did on the CDA-Q scores, and the differences in the coefficients between the two groups 21 In these two columns, β k and β m are constrained to be the same.
were not statistically significant, so they are constrained to be equal. As with the CDA-Q test, the only other variable that is statistically significant is child age, but in this case it has a strong positive impact on PPVT scores for both Kinh and ethnic minority children, although again the impact on ethnic minority children is much smaller than on Kinh children, and that difference is highly statistically significant. Of course, it is intuitively obvious that children of better-educated parents learn more quickly, and that as they get older (even before entering primary school), they learn more.
Turning to other variables in Table 3 , none has a statistically significant effect for either ethnic group, and the differences were also statistically insignificant (and so they were constrained to be equal). This is the same result as seen with the CDA-Q test for these variables.
Finally, the last two lines of the first two columns of Table 3 show average constant terms across communes for both Kinh and ethnic majority children, again separately for whether they live in segregated or mixed communes. As before, it matters little whether either type of child lives in a segregated or mixed commune. More interestingly, the difference across the two groups of children is much smaller than in Table 2 : only about 0.5 standard deviations of a test score for mixed communes, and no difference at all for segregated communes. This implies that most of the raw difference in PPVT test scores seen in Table 1 is explained by the regression results (recall that the raw difference was equal to about 0.9 standard deviations of the distribution of the test score).
Now turn to the Blinder-Oaxaca decomposition for the PPVT scores of the Younger Cohort, keeping in mind that the difference in the raw scores across Kinh and ethnic minority children was about 0.9 standard deviations of the distribution of the PPVT score. The two decompositions indicate that the impact of differences in the mean of (the log of) per capita expenditures accounts for between 0.3 and 0.7 standard deviations of this difference, although the fact that the coefficient is much higher for ethnic minorities implies that, for an average child, there is a 0.6 to 1.1 standard deviation benefit to ethnic minority children, so it seems that, overall, per capita expenditure does not explain the differences (and in fact the combined effect makes the gap larger by about 0.3 standard deviations).
Differences in the mean value of parental education appear to explain about 0.3 standard deviations of the gap, after summing the effects of both parents, which is similar to the impacts of these variables on the CDA-Q test seen in Table 2 . The fact that child age has a much larger impact on Kinh children than on ethnic minority children explains a very large part, about 0.5 standard deviations, of that gap. None of the other variables provides any sizeable explanation of the difference in the means of the test scores across Kinh and ethnic minority children -as one would expect, given that they are all statistically insignificant.
Finally, the last two columns in Table 3 present results that drop per capita expenditure as an explanatory variable. As in Table 2 , this has little effect on the decomposition results and does not help to explain the learning gap between Kinh and ethnic minority children.
Analysis for the Older Cohort
This section analyses the data for the 990 children of the Older Cohort who were found and interviewed in Round 2. These children were about 12 years old when they were tested in 2006. As in the previous section, the analysis begins by comparing the test scores of ethnic majority (Kinh) and ethnic minority students, 22 first for the entire sample and then for the subsample of communes that have both Kinh and ethnic minority children. It then presents estimates of a cognitive skills production function that attempt to explain the determinants of test scores, and why these are lower for ethnic minority children. Table 4 presents means and standard deviations of the 'raw' scores for the mathematics and PPVT tests, for the full sample of the Older Cohort and separately for Kinh and ethnic minority children. The top half of the table shows statistics for all students while the bottom half limits the sample to the nine communes that had both Kinh and ethnic minority children. a Small discrepancies in some of these figures are due to missing data on whether one ethnic minority child spoke Vietnamese or another language.
Beginning with the raw scores, the average Older Cohort child in the full sample correctly answered 7.4 of the 9 questions in the mathematics test. As with the Younger Cohort, the gap between Kinh and ethnic minority children is quite large: the former had a mean score of 7.8 while the latter had a mean score of 5.3, a difference of 2.5 points, which is equivalent to 1.3 standard deviations of the distribution of test scores. For the PPVT scores, the overall mean of 137.6 masks a large gap by ethnic group: the mean score for the Kinh was 142.3 but the mean for ethnic minorities was much lower, 104.3. This gap of 38 points is equivalent to 1.5 standard deviations of the distribution of test scores. However, among the ethnic minority children there are some whose mother tongue is Vietnamese and some whose mother tongue is an ethnic minority language, and as with the Younger Cohort, those whose mother tongue is Vietnamese do much better than those whose mother tongue is an ethnic minority language.
As discussed above, part of the difference between the test scores of Kinh and ethnic minority children may reflect the fact that they live in different communities and so attend different schools. To 'control for' differences in communities and schools, Table 4 also presents similar information, but limited to the nine communes in the sample that have both Kinh and ethnic minority children. This comparison does reduce the gaps to some extent. Examining the raw scores, the difference in the mathematics test is 1.8, which is 28 per cent smaller than the gap of 2.5 when comparing all communes. Similarly, the difference in the raw PPVT score is 25.2, which is 34 per cent smaller than the gap of 38.0 when all communes are compared. Nevertheless, there are still large gaps even when comparing Kinh and ethnic minority children in the same commune. Note as well that in the mixed communes the gaps between the ethnic minority children whose mother tongue is Vietnamese and those whose mother tongue is another language are much smaller than was the case for all communes.
To understand better the nature of the gaps, the rest of this section presents regression estimates and Blinder-Oaxaca decompositions that attempt to explain the differences in the test scores of Kinh and ethnic minority children in Vietnam. This is done for the mathematics test in Table 5 and for the PPVT test in Table 6 . Table 5 . Notes: Per capita expenditure is instrumented, using a household wealth index. Significance is based on robust standard errors, clustered at the commune level. Sample size is 893.
Regression estimates for mathematics (IEA) test, Older Cohort
The first column of Table 5 shows the estimates of β k in equation (5), and the second column shows the estimates of β m in equation (6), if they are significantly different from the estimates for β k , for the mathematics score of the Older Cohort children. The third column shows the difference in the two estimates, for the few cases where those differences are statistically significant. Note that, as in Tables 2 and 3 , the test score variable has been standardised to have a standard deviation of 1, which makes the coefficients easier to interpret.
The first row of Table 5 shows that household income, as measured by (the log of) per capita expenditure, has a positive and statistically significant impact on the mathematics scores of both Kinh and ethnic minority children (the difference between the two coefficients is not statistically significant, so they are constrained to be equal). Another unsurprising result is that both mothers' and fathers' education have positive and statistically significant impacts on the mathematics scores of both Kinh and ethnic minority children.
Turning to child characteristics, although there are no gender differences for Kinh children there is a strong gender difference for ethnic minorities: girls score about 0.3 standard deviations higher than boys, ceteris paribus. Regarding years of schooling, this variable has a strong and statistically significant impact on both Kinh and ethnic minority children, with a significantly larger impact on the latter. Also, the hours per day that a child typically spends in school has a strong and statistically significant positive impact on both Kinh and ethnic minority children (the difference between these two impacts is not statistically significant). Finally, hours spent working has a negative impact, significant at the 10 per cent level for both Kinh and ethnic minority children.
The last five variables in Table 5 measure different aspects of health and disability. Of these, three are statistically significant for both Kinh and ethnic minority children (with no statistically significant difference in the impacts by ethnic group). First, the height-for-age z-score has a positive and significant impact. Second, children whose parents report that they have difficulty understanding what their parents are saying have much lower scores (0.7 standard deviations lower). Third, children whose parents report that their children had had an injury or episode of illness in the last four years that was so severe that the parents thought they might die have significantly lower scores (0.2 standard deviations lower).
Examination of the average constant terms at the bottom of the first two columns again shows that, for Kinh students, it matters little whether they are in a segregated or a mixed commune. However, for ethnic minority students, living in a mixed commune implies a drop of about 1.2 standard deviations in a test score relative to living in a segregated commune. Moreover, ethnic minority students seem to do worse in mixed communes than do Kinh students in mixed communes, a loss of about 1.1 standard deviations. Yet caution is in order for the result pertaining to ethnic minorities living in a segregated commune because they are based on a single commune.
Next, turn to the decompositions for the differences in the average test scores of Kinh and ethnic minority children in the Older Cohort. These are shown in the last four columns of Table 5 . The first finding is that the difference in (log of) per capita expenditure between Kinh and ethnic minority students explains about 0.2 standard deviations of the gap between those two groups of students. Differences in fathers' and mothers' education together explain another 0.3 standard deviations. The fact that ethnic minority girls do much better than boys actually increases the gap by about 0.15 standard deviations.
Turn next to the time in school and time at work variables. First, although the fact that Kinh children have somewhat more years of schooling explains about 0.2 to 0.3 standard deviations of the gap, the larger impact of a year of schooling for ethnic minority children 'unexplains' 0.6 to 0.7 standard deviations of that gap. On the other hand, about 0.1 standard deviations of the gap are explained by the fact that Kinh children spend about 30 more minutes per day in school than do ethnic minority children, and the fact that they work 1.7 fewer hours per day explains another 0.1 standard deviations of that gap. Finally, another 0.1 standard deviations of the gap are explained by better nutrition among Kinh children, as measured by height-for-age. None of the other components of the decomposition is very large, and so none of them has noticeable explanatory power.
The regression results and decomposition analysis for the performance of the Older Cohort children on the PPVT test are shown in Table 6 . For both Kinh and ethnic minority children, household per capita expenditure and fathers' education (but not mothers' education for Kinh) have strong impacts on learning. Girls do slightly worse, but the age of the child and years of schooling have significant positive impacts on the PPVT test score. Only one of the health variables, a hearing problem (as reported by parents), has a strongly significant effect; it has a large negative effect, which is intuitively plausible since it seems reasonable that hearing problems are more important for reading skills than for mathematics skills. Notes: Per capita expenditure is instrumented, using a household wealth index. Significance is based on robust standard errors, clustered at the commune level. Sample size is 860.
The average constant terms at the bottom of the first two columns show some difference (0.7 standard deviations) between Kinh and ethnic minority children who live in mixed communes, but there is no difference between Kinh children who live in segregated communes and those living in mixed communes. However, there is a large gap between ethnic minority children who live in segregated communes and those who live in mixed communes; the former have test scores almost 2.7 standard deviations lower. However, caution is in order as there is only one segregated ethnic minority commune in the sample.
Finally, turn to the decompositions in the last four columns of 
Impact of school characteristics
Only a small percentage of the Younger Cohort children analysed in Section 5 had been enrolled in primary school, so there is no scope for analysing the role of formal schooling in determining their cognitive skills. In contrast, almost all of the children in the Older Cohort had spent several years in primary school, and indeed most of them had started lower secondary school, although most of their time at school at the time of the Round 2 data collection (when they were 12 years old) had been time spent in primary school. Thus in theory the Older Cohort Round 2 Young Lives data from Vietnam can be used to examine the impact of school characteristics on student learning. This section first explains the data available and then reports estimates that attempt to measure the impact of school variables on the learning outcomes of the Older Cohort children.
School data in the Round 2 survey
A community questionnaire was completed for all 34 communes in the Round 2 survey. That questionnaire (the official name of which is 'Young Lives Study Context Instrument') has a section that collects information on schools in each commune. As discussed above, many of these communes have more than one primary school, but the commune questionnaire collects data on only one primary school in each commune. According to the instructions in the questionnaire, the primary school selected should be the one 'that receives more local children and adolescents'.
The information collected from the chosen primary school in the community questionnaire consists of the following: (a) tuition fees, Parent-Teacher Association fees, costs for required supplies (books, uniforms, etc.) and other required payments; (b) hours of class time per day, days of class per month, and months of class per year; (c) ownership (public, private or other); (d) the number of shifts per day; (e) whether the school accepts disabled students and, if so, their numbers, types of disabilities, accommodation made for them, and training of teachers in how to work with disabled students; (f) whether there is one teacher for the whole school, more than one teacher but more grades than teachers (multigrade classrooms) or at least one teacher for every grade; (g) language used by teachers when teaching; (h) language used by students informally (during breaks, when playing); (i) year the school opened; and (j) drop-out and repetition rates in the previous year.
While this information on schools is useful, it also has many limitations. First, as already mentioned, it is almost certain that some children in the communes with multiple schools were enrolled in another school, which could lead to problems of measurement error bias. Second, there is no information on lower secondary schools, which many of the children had already started to attend. Third, many types of information were not collected, such as teachers' experience and educational background, information on school principals, studentteacher ratio, and school management practices. This suggests potentially serious problems of omitted variable bias. Overall, the results presented below should be treated cautiously, and indeed it will be seen that the regressions that attempt to measure the impact of school characteristics on child learning yield at best only a small amount of useful information.
Before turning to the estimates, some of the school variables mentioned above cannot be used in the regression because of lack of variation. More specifically, in 33 of the 34 communes the teachers in the selected schools used Vietnamese to teach, and the language in the one exception was English, not an ethnic minority language. Similarly, there was only one school that had fewer teachers than grades (multigrade teaching). Third, none of the 34 schools were private schools. Finally, the information collected regarding accommodation for disabled students is unlikely to be useful given the small number of students with disabilities in the sample.
Estimated impact of school characteristics on mathematics and PPVT scores
All of the test score regressions presented in Sections 5 and 6 used commune fixed effects to control for variation in school characteristics and, more generally, variation in commune characteristics. This raises the question of whether introducing those fixed effects had any effect on the parameter estimates for the child and household variables. This can be checked by implementing a Hausman test that compares fixed effect and random effect estimates. For the mathematics test score, the Hausman test could not reject the hypothesis that the coefficients are the same for the fixed and random effects estimates. For the PPVT test the Hausman test could not be implemented (the difference in the two covariance matrices could not be inverted), but in any case visual examination of the parameters again suggests little effect. This suggests that removing the commune fixed effects, which must be done to introduce commune-level school variables into the regression, will not result in biased estimates of the impacts of the child-and household-level variables. Yet in any case the focus in this section is not on those variables, but on the school characteristics.
The simplest approach to seeing whether the school variables have any explanatory power is to enter them one by one in separate regressions. Results for this exercise are shown in Table 7 , where each parameter estimate is from a different regression. For simplicity, the same household and child variables are used as in the above regression, but the parameter estimates for these variables are constrained to be equal for Kinh and ethnic minority children, and a dummy variable is added indicating that a child is a member of an ethnic minority group. Three of the five school variables in Table 7 have no significant impacts on either the mathematics score or the PPVT score. These variables are hours of class time per day, hours of class time per year (the product of hours per day, days per month and months per year), and a dummy variable indicating schools that had only one teacher (which applied to 15 per cent of the Older Cohort children).
The number of shifts per grade has no significant effect on the mathematics test score, but having double shifts has an unexpected positive impact on the PPVT score; the latter effect is quite large, raising that test score by about 0.5 standard deviations. This is unexpected because double shifts (the data have only single shifts and double shifts, no higher number of shifts) in general reduce class time per shift and so should have a negative impact on test scores. However, double shifts are most common in urban areas (which are relatively wealthy) and in the Red River Delta (which has high levels of education among adults), so this positive effect may be picking up regional characteristics or unobserved school quality.
The other variable that is statistically significant (for both the mathematics test and the PPVT test) is schools where students speak to each other in a language other than Vietnamese during informal interactions outside of class, which has the expected negative sign. That is, such students have as their native language something other than Vietnamese, and since none of their teachers teach in those languages, presumably they are at a disadvantage. The effect is quite large, a loss of 0.2 standard deviations for the mathematics test and of 0.6 standard deviations for the PPVT test. Note that when this variable is added, the ethnic minority dummy variable becomes much smaller and loses statistical significance for both tests, which suggests that a major problem for ethnic minority students is not their ethnicity per se but their lack of familiarity with the Vietnamese language.
A final related issue is whether ethnic minority children attend schools that offer fewer resources to students, generally speaking. Perhaps the most obvious one is time spent in class. Many observers have noted that the hours that schools are open each day is relatively low in ethnic minority areas, but there is little systematic evidence on this. Surprisingly, the mean hours per day that the local primary school is open among Older Cohort ethnic minority children is somewhat greater than for Kinh children: 5.2 hours per day for the former and 4.6 hours per day for the latter. 23 Further, the mean number of shifts is also slightly lower for ethnic minority children (1.64) than for Kinh children (1.75). The one variable that suggests a lower-quality school, one-teacher schools, is much more common among ethnic minority children (50 per cent) than among Kinh children (10 per cent), but as seen in the regressions in Table 7 , that variable had no statistically significant explanatory power for students' test scores.
Conclusions
Ethnic minority children in Vietnam score much lower on mathematics and reading tests than do ethnic Vietnamese (Kinh) children, both among a group of children aged 5 and among another group of children aged 12 (both of which were tested in 2006). Given the importance of education in determining adults' socio-economic success, and the generally lower incomes of ethnic minorities in Vietnam (Baulch et al. 2004 ), this suggests that today's ethnic minority children will be poorer than today's Kinh children when both groups of children become adults. A major policy challenge for the Vietnamese government, and for donor agencies active in Vietnam, is to understand the causes of these disparities and then to formulate policies that can reduce them.
The paper has used the Round 2 Young Lives data from Vietnam to investigate the reasons why ethnic minority children have lower cognitive skills. Admittedly, the findings raise as many questions as they answer, and so further research needs to be done. Yet some conclusions can be drawn based on the analysis in this paper.
A first, rather obvious but perhaps overlooked, finding is that these disparities are already very large even before children start primary school, as was seen with the Younger Cohort data. It is possible that pre-school and even crèche factors play a role in generating these disparities, but it is difficult to pin this down with the data available. Indeed, the time that children spent in crèches and pre-schools had no explanatory power in determining the Younger Cohort's test scores in Tables 2 and 3 , so the problem may lie elsewhere.
Second, the role of language may be an important factor. Tables 1 and 4 show that, in general, ethnic minority children whose mother tongue was Vietnamese had much higher scores than those whose mother tongue was an ethnic minority language. Yet when comparisons are limited to children living in 'mixed' communes, these differences were smaller (and in one case disappeared), which suggests that it is really differences between communes, not language itself, that matter. One the other hand, the one school variable that had the most explanatory power in Table 7 was the language spoken by children outside of class; those who spoke an ethnic minority language did much worse. Perhaps one benefit of living in an ethnically mixed commune is that ethnic minority children interact with other children in Vietnamese, and so obtain much more facility in that language at an early age. Another factor to keep in mind here is that all tests were administered in whatever language the children wanted to take them in, so the poor performance of ethnic minority children on these tests is not simply due to being forced to take the test in Vietnamese. Clearly, much more research needs to be done on the role of mother tongue, and the mother tongue of children's peers, to understand more fully why ethnic minority children fall behind.
Third, the Blinder-Oaxaca decompositions offer at least a partial explanation of the Kinhethnic minority gap in test scores. For the Younger Cohort, the role played by household expenditure is puzzling because although ethnic minority children live in households that have lower incomes, they are more successful in 'converting' what little income they have into higher test scores. In contrast, for the Older Cohort there is no ambiguity; Kinh and ethnic minority children are equally capable at 'converting' household income into higher test scores, and the higher per capita expenditure of Kinh households explains about 0.2 to 0.3 standard deviations of the gap in test scores, out of a total gap of 1.3 to 1.5 standard deviations. Parental education also plays a role, usually explaining about 0.3 standard deviations of the gap for both the Younger and the Older Cohorts (the one exception being the impact of mother's education on the PPVT of the Older Cohort children, which is difficult to interpret). None of the other variables offered much explanatory power for explaining the gap among the Younger Cohort. Among the Older Cohort, more time spent in school, less time spent working, and higher levels of nutrition each explain about 0.1 standard deviations of the gap in the mathematics score, and more years of schooling among Kinh children explains about 0.3 standard deviations of the gap for the PPVT score.
Further progress on understanding the causes of the gap in learning between Kinh and ethnic minority children in Vietnam may require different data than those analysed in this paper. Qualitative research could be quite useful, and more quantitative analysis using a dataset with a larger number of ethnic minority students and more detailed school data (including all schools in a commune, instead of just one) could also play a role. 
